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WMFLETB 8-PEOIFJCATIOK 

Process for Produoingr, Becomposing*, CoBverfcing', or Transfer mliig' 
OompouB^ds, and Reducing Metallic CompouudB bo Generated to 
Metallic state. 

Heutisy SrEHCEK Bx-acicmore, resident of the City of Mount Vernon/ 
County of West Chester, State of New York, United States of America, and by 
occttpation a Chemist, do hereby declare the nature of this ioveotioo aod in what 
maDner the same is to be perfoiratied^ to be particularly described and aseertained 
5 in Aod by the following statement s — 

My invention, relates to a process for producixsg. decOraposing^ cooYerting-s or 
traneformiog metallic compound and reducing same to mctaUic state together 
with the product! OK of materials employed to produce such trans f or matioa and 
reductioD, and the mode of their applicatioo, representing radons steps in a 

10 complete process for reduction of rnefcalg from natural products pr compounds 
particularly relating to those of an infusible or -aemi^^fiisible character, such 
those of the earth and alkali earth metaLs. 

The object of my invention is to prodnce in an economical njanner^ purified 
chemical compoundB, frona natural products chiefly of an infusible or semi^fusible 

15 nature, and finally reducing the same to metallic state when so desired ; and has 
particulfar reference to the production of sulphides of such metals as aluminiuoij 
mssgneBsuEnj ralciumj strontiu my barium ete.^ and their r.^ductioH fioallj to metallic 
state hj actioB of molten or highly heated reduciog agents as hereioafter described 
but it is not limited to them as many other compouuds or metals may be likewise 

20 produced, and consists essentialiy in dissolving or, in case of producing sulphides, 
suspending, the infusible or semi-fuaible oxides^ or other compounds of auoh metal^ 
in a molten batb and exposing them in a heated condition to the action of carbon 
disulphide vapor in which condition the oxide is ti'ansrformed into sulphide with, 
the elimination^ of carbonic anhydride and carbon oxy-^sulphidca then finally if so 

85 desired converting the sulphides into metric form by treatment with highly heated 
or molten material or elements having greater afiiuity for sulphur than the metal 
of sulphide thus produced, and preferably of greater specific gravity than the 
molten bath of sulphides* " . ' 

Among the oxides thus oonvertible to sulphides are alumina^ magoesia^ lime^ 

30 strontia and barytaj and reducing agents capable of being employed under various 
conditions of affinity are lead, copper^ zinc, iron, potassium cyanide efc.j in highly 
heated or molten condition preferably in state of fine sub-division. 

As nu illustration of the manner in fvbich 1 carry out this process on a practical 
basis^ I will take for example the production of aluminium sulphide from natural 

35 bauxite and reduction of the same to metallic aluminium. 

The natural product^ bauxite, employed consists of oxides of al n minium and 
iron contaminated mo?e or less with silica, thifci bauxite is first thoroughly dried 
and pulverised, it is then dissolved in the molten bath consisting of fluorides and 
sulphides of potassium and sodium in about equal portions,, the object of using 
'40 potassium and sodium salts mixed is to produce a material melting at as low 
temperature as possible, the mixture of alkali salts melting at a lower temperature 
than either of them separate and indepepdent ; it is obvious that the molten bath 
may consist of various other substances which are capable of dissolving the infusible 
or semi-fusible oxide treated, or sulphido produced, but have found the mixture of 
alkali ^uorides and sulphides to be the most efficient. 

When the molten bath has become saturated with bauxite, apparatus is dased and 
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a snixture of carbon disulphidc and suiplmr SuO'^e&rbide 'rapor is passed throagh 
the same. The fluorine of the fluo-carbide combioes with silicon (contaminatiDg 
the bath) converting the silica into ^^eou^ silicoD tetra-fiiioride, aoci 7en]$.ioiQg 
carbon and etilphur combiue with oxygen of silica pmducie^ carbon oxy-sulphide^ 
or carboxj'l sulphide, which together with silicon . tetra-fluoride escapes froos the 5 
apparatiiSa kaviBg fche dissolved or suspended oxides free from fiilico'a. The 
carbon di-sulphide at the same time converts the aisimins or alwaitniiim oxide into 
eolphide producing sir«u!taneouslj carbooie anhydride and carbon oxy-solpbide or 
carboxyl sulphide which escape in gaseous forsm. The Bame actioa takes jplace 
couvertiDg the iroa oxide present into sulphide. 

I am iuUy aware that dry infusible aluminium oxide (alumina) lias been 
converted into alnmijiium sulphide by passing vapor of carbon di-sulphide oyer 
it in its heated state but to that case the particles of alaminiam oxide being 
infusible at the temperature employed, is only transformed supei'ficialiy vsxto 
sulphide which being fnsible coats said particles^ thus preventing further actiots, the '15^ 
richest product obtainable by this means being about 35 per cent. sulphidCj^ the 
balance being unconverted alumina^ a process too expensive to be operated in a 
conanaercsal way, on account of great waste o£ alnmiisiura oxide and difficolt^^ of 
reducing said suJpbide on acco.uot of iofusibiHty of the mass^ being almosfe 
impossible to reach sulphide with reducing agents, and when reduced to metal i -3^0 
leaving same disseminating throughout the material in such a manner that it is 
impossible to combine reduced metals iu a button; by dtssol7ing oscide in moltett 
bath there are no particles to coat^ or by suspending the same ia molten bath 
capable of dissolving the sulphide produced, thus exposing fresh surfaces o£ oxide 
to action according to this step of the process described, the difficulty is thus ^25 
entirely obviated* 

The mixture of sulphides dissolved or suspended in the naolten bathf produced. 

;as aforesaid is exposed to the action of inoJten or highly heated iro» or copper 
in a finely divided state^^ wMch having greater aflSnity in its heated state^ for the 

.salpliur combined with the aluminium, absorbs the same producing iron or copper 3t> 

, sulj>hide and free metallic aluminium which being lighter than the surrounding 

. bodies ascends and accumulates on the top of the bath from whence it is withdrawu 

. at the end of the process and cast into ingots. 

The ii-on or copper sulphide thus produced bqing less soluble in molten bath 
remains suspended therein so long as reduction goes on, after which it gradually 35^ 
settles and becomes molten at the bottom of the retort £ro{n which it is fiirst 
drawn, this being followed by the molten flux or bath of alkali • fluoride and 
sulphides which is afterward used over to dissolve more bauxite as before, and 

, finally the aluminium is withdrawn and cast into ingots^ 

The iron may be also introduced into the molten sulphide in a finely divided 4l> 
state such as is known in commerce as ^*iroB by hydrogen " this fine iron being 
first healed to a bright red heat and gradually sSfced or conFcyed into the molten 

. bath the same reaction taking place as with the molten iron^ 

When molten iron is employed it is first passed through a £rebrick sieve so th^X 
the metal will be introduced into sulphide bath in fine streams or of fiae shot 4'6p 
formation to admit of complete sulpburization of iron before reaching bottoni of 
retortj which is therefore preferably of considerable depths 

The carbon di--sulphide and sulphur fluo-carbide employed to transform oxides 

•into sulphides and remove silica is produced by heating carbon (charcoal) together 
with a fluoride (such as lead fluoride) in a retort, to a low red heat, and then 50* 
passing the vapor of sulphur through the same, when the products distill, atid are 
passed through the bath as before elated » 

It is obvious thai any other liquid or Tolatile combiaatioE of carbon with other 
electro^ negative elements may be employed to convert the metallic oxide into 
other binary compounds applicable for economical reductioOj ssuch as phosphorus 5& 
. tell un um^ selemum^ wit Wit depai-ting^-frofxL l^he spirit of my inreotioa^ which 
consists essentially in converting metallic oxides or other infusible or sea^i-f^usibie 
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€ompouDds into cosnpoiiiids with otber elements of eloctro-negatxve nal^ure^ hj 
dissolving or suspending the same ia a molten bath and' exposiDgr it to action o£ 
compound^ of cHtbon and the other element a cottipouod. of which ia desired, such 
carboR sulphide when suilpbicio is desired^ aod finallj reducing said compouiid 
5 produced In the bath by such action to mefcalHc state^, by r«ixing with a heafced 
, eleiyseiit or compouod having g^reater affinity for the electro-negative elemeat 
combined in the compound so produced, auhstantially as described. 

Alumifiium sulphide can also be reduced to metallic state by treatment with 
potassium cjaiside, the potassiam cyaoide absorbs sulphur prt>dncing pota.ssitim 
10 sulpho-cyanide or thio-cyaoafce, care must be taken ia this case not to ha ire the 
' temperature too high otherwise the sulpho-cyanide will be dissociated into potassium 
meUouide, potassium sulphcdey free sulphur aad carbon^ in which case more or 
less of the aluminium will be destroyed by free sulphur and bath saturated 
with fine carbon so that it is almost impossible to concibine metal into a uiass'or 
15 button. 

' ;; By dissoU'^iug a mixture or compound of silicon and alumioium oxides^ 
preferably certain clays (alutainiurn silicate) in nnolteii bath aforesaid, and then 
exposed fo the action of carbon di-sulphide vapor alone, ultramarine may be 
produced which can be finely separated from soluble constituent? of molten bath 

20 bj lixiviatioB and filtration or decantation ; the material preferably employed for 
this purpose is kaoliia, a clay consisting of a mistture of alumiuiunt. silicate and 
undecomposed feldspar. The retorts employed are lined with carbon to protect 
the Fame from solvent action of bath. 

Alkali cyautdes roay also be produced by suspending iron carbide in molten 

25 ^alkali sulphides and passing nitrogen gas through the molten bath producing at 
: .: the seme time iron siuphide* 

^ I do not claim the dissolving or suspending of various infusible or semi-fusible 
substances treated under this process but siroply the process of acting- upon or 
transrbrming them while thus dissolved or suspended by means o£ elements or 

30 compounds brought in contact with the same, from a foreign source, and principally 
relates to those substances Avhich do not combine directly with molten hath or 
-solvent, formiog definite compoundsj except during introduction o£ the active agent 
from a foreign source such as carbon di-sulphtde in -formation of -aluminium 
sulphide etc^^ as hereinbefore described- - 

35 Also alkali carbonates or bi-carbonates may be produced from natural alkali 
chlorides ; such as sodium carbonate from common salt (sodium chloride). By 
suspending alumina (aluminium oxide) in molten bath of salt in closed receptacle 
and passing superheated steam^ through fche molten mass whereby the material is 
transformed into sodium alumina te and hydrochloric acid which is conducted from 

40 the apparatus when this redaction is complete^ the steam is shut off and carbon 
dinDxide is introduced in its stead when the sodium aluminate is transformed into 
the sodium carbonate or bi-carbonate and free alumina wbich is used over. 

1 am aware that sodium silicate has been produced bj mismg silica with comtnon 
salt (sodium chloride) tind melting the same and then e:&posiug to the action of 

4? steam thereby eliutiaating hydrochloric acid but in that case the silica combines 
directly with the' molten eompound when heated, forming sodium chlor-si-Jicate 
which by action of steam is decomposed into sodium tiilicate and hydrochloric 
acid in which ease it is readily seen that the silica not dissolved or suspended in' 
the molten salt, but combined with the same, forming a definite compound, eo 

iK) that when the steam is introdneed from a foreign source^ it reacts on compound 
thus produced and not the silica per se dissolved or suspended in molten mass, hence 
tbe difference from mj process cao be readily seen. 

Having now parciculariy described and ascertained the nature , of my said inven*. 
tion and in what manner the same is to be performed^ I declare that what 

55 I claim is s— . ■ * 

^ I. The process for producing a fiuq-carbide which consists in exposing carbon arid 

^ ■ \ 
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metaiUc fluoride in a heatecl state to the action of a volatile alemeot (sooli as, 
siilpbiar, telleriomj seleoiuois eic^) a compoorsd of which is desired* 

'2, The -process for produciaef corapaauds of carLoB and fluoriBe^ with 
etemente, .vhioh consists in passing the vapor of such elements over a n.ixfc«r>s of .. 
carbon and metallic fluoride^ (such as lead fluoride) in a heated state, substaatlally g 
as described* 

3* The process for producing sulphar Suo^carbide which consists in passing the 
Vapor of sulphur over a heated mixture of carbon and metallic fluoride, snbatantiaUy 
a? described. . . ' Z 

4, The process for elirainatitig silicon from a molten bathj containing the Bacne 
which consists in exposing said molten bath to the action pi iluorioe carbide or 
componnd of same, substantially as described. 

5, The pro<:eS5£or eliminating silicon from a molten bath or componnd cootaining 
the samcj which consists id exposing said bath to the actions of sulphur fluo-carbide, 
subsiiaatially as described. ■ . , 15 

6* The process for elimioating silicon from a molten bath containiog the saijae 
which consists in exposing said bath to the action of a oon-metaliic fl«o-carbide in 
the forra of vapor* substantially as described. 

. 7. The process for converting metallic oxides into other coraponods which * - 
consists in the dissolving ot suspendiag said oxides in a molten bath and exposing 
the same to the combined action o^ carbon and sulphur or other element, a oompoaud 
of which is debiredj snbstaDtially as described* . 

The process for producing, decomposing, coovertmg, or transfovmiog 
compounds of an iaTusible or s^mi-ftisible natare which consists in dissiolvin^ or 
suspending the same in a molten bath and exposing it in a heated state to the action ^5 
of electro-negative elements or compounds of the same, substantially as described, 

9. The process for producingj decomposing, converting, or transforming metallic 
px.ideB which Gonsiats in bringing said oxides to molten or liquified state and 
exposing it to the action of electro-negative elements or compounds of the same, 
substantially as described. , . , . 30 

10. The process for producing aluminium or other sulphide whioh consists in 
exposing the molten or liq^uified oxides to the^ action of carbon di-solphide vapor, 
substantially as described- 

IK The process for producing aluminium sulphide, which consists in dissolving 
or suspending aluminium oxide in a molten bath and exposing the same in its heated 
state to tbe combined action of carbon and sulphur, substantially as described, 

12. The process for producing aluminium sulphide, which consists in disssolv^ing 
or suspending aluminium oxide in a molten bath and passing the vapor of carbon 
di-Bulphide over or through tbe same^ substantially as described* _ > 

13* The process for producing a cyanide, which consists in suspending a metallic ^ 
parbide in a molten bath and exposing the same to the action of nitrogen gaSs 
substantially as described^ . 

- 14, The process for producing alkali cyanide which consists in suspending ear bide 
pf iron in a molten bath of alkali sulphide and introducing nitrogen gas into the 
mixture, substantially as described, ' ;j, 46 

15, J^he processi for prodaoing alkali salts from natural pcoducts, such as sodium 
chloride, which consists in suspending or dissolving alumina in a raoiten bath of 
said natural product and exposmff the same to the alternate action of steam and 
'gaseous acid, a compound o£ which is desired, substantially as described- 

16, The process for producing alkali carbonate, which consists iu dissolving or 
suspending alnmina in moHe& bath of alkali chloride and subjecting the same to 
the action o£ superb-heated steam, thereby eliminating dhlorhydric acid and 
producing alkali aluminate, and finally introduciog carbonic anhydride, substantially 
as described " , , ' . . p 

17, The process for producing ultramarine which coosbts in dissolving feaolm or 
ieldspar in molten bath and exposing same to action of ^arboa di-s*^lphide vajpor^ 
substantially as desoribed* 
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18, The process for rediicin^ metals 'f ram their salts *ar cambioatioos whlchi 
conaiats in dissolving the same in a molten bath and gradually exposmg it to the' 
actioD of liigWy heafced or molten reduemg- fi^entg, substarstbUy as des^sribed. ■ ■ ^ " 
^ 19* fhe process for prodAicln»c uiiiminium from its compound which consists in 
5 dissolving said compound in a molten bath and gradtiaUy iotroitseing io smalJ. 
streams metallic iron or copper m a highly heated or multso state, substantially as: 
described, - , f 

20. The process for reducing aluminium from its sulphides which consist ia- 
: : ciKposing th^ molten or liquified sxilphide to the action of finely divided iron or* 
10 copper iQ heated state, stibstantially as described. 

21. The process, for reducing aluminitim, or other metals which consists in 
gradually introducing reduciog agents, in a finely divided heated stq.te ioto a 
molten bath containiog dissolved eompounda of the metal desired^ substantially ^s. 
described. 

15 ' 22t The process for reducing ahitninium or other metals from their combiaatidns, 
jvhich' consists m dissolviog said combioatiooa in & molteo bath, and gradnaily 
introducing highly heated reducing agents in a fine state of .&ui>-divisioii into the' 
same, substantially as described* 

23. The process for reducing aluEniniiirn or other metals frocn their compounds. 

-Si) which consists in bringing said compounds in a molten or dissolve state gradually- 
m contact with a highly heated molten reduciog agent, substantially as described- 

24* The process for reducing aluminium or other metals which consists in slowly 
commipgHug-said compounds in a molten or dissolved state with a highly heated or 
fwolten reducing agent of greater specific gravity, subtiantially as deacrtbed. 

25 25* The continuous process for producing aluminium or other metals which 
consists m exposing the inolten or suspended Oxides to the alternate action of a non-. 
ftaetallic carbide and a highly heated or molten reducing agent of . greater specific^ 
gravity^ sub£,ta.nttaUj as described. 

26. The continuous process for producing aluminium and other metals which. 
30 consists in exposing molten metaUic oxides to the alternate action of a non~metallio 

carbide and a niolten compound, (such as potassium cyanide) capable of absorbing 
or combining with the combined electro-negative element liberating metal desii^ 
subsiantiaUy as described* 

27. The continuous process for producing aluminium or other metal which 
35 consists m dissolving or suspending o^cides of such metals in molten bath and 

exposing the same to the alternate action of a non-metallic carbide and highly 
heated or molten material capable of absorbing or eomhimog vifith the electro-, 
negative elemeat of the compound so produced, and then withdrawing the products 
of the reaction and the metal reducedj substantially as described, 
40 28. The continuous process for reducing aluminium or other metals which consists, 
la exposing the oxide dissolved or suspended in a molten, bath to the alternate action, 
of a non-metallic carbide and highly heated or molten reducing affent. substantially 
as described* - .. .. 

^ .29. In a process for producing compounds and reducing same to metallic state & 
4*> molten flux or bath consisting of a mixture of fluorides and sulphides of the alkali 
metalS;^ potassium and sodium, sobstantiolly as desciibed, 

30, The process for producing aluminium from bauxite which consists in dissolving- 
the same m a molten bath consisting of fiuoridea and sulphides of potassium and 
sodium, and eliminating the silicon from said bath by treatment with sulphur fluo-- 
m carbide and then eonvertiup: the dissolved alumiBium oxide iiito sulphide by the 
^^r^i!^;^ carbon di sulphide \apor and ftnally reducing said molten aluminium^ 
soJphide to metallic state by slowly introducing highly heated or molten iron in fine 
jitreams at the same time producing iroQ sulphide, substantialiy as described. 
1. ^ * process for producing aiuminium from bauxite which consists in dissolviag 

the same m a molten bath consisting of fluoride and sulphide, of alkali metals^ 
eitminatmg the siJicon therefrom in the form of gaseous silicon tetra-fluoride by 
exposing in the molten state the action of the compouud formed by action ot 
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Bulphnr vapor on heated mixture of carbon and heated metaJLHc Stioridle^ coDvei'tiag 
thfe renaaimng d&^siliooakied. molteQ aluminiom oxide into sulphide hj action o^ 
carbon di-sialpbide vapor and fiuallj slowly and gradciallj exposing the molten 
sulphide thus produced to the actioB of % highly he&ted or molten material haTmg 
greater affinity for sidphur thereby lihemtiog the nietal desired^ substanfcially as 5 
desorlhed* 

32. The process £ot ^ pr<)dttcing alkali alumitsate which consists in exposing 
slxiiiQiiiiiioi oxide (alttmiiia) dissolved or suspended iti moHeis alkali salt, to the 
action of steam, substati tiddly as described* 

3a. The process for producing alkali alumiuate and hydrochloric aeid which V> 
consists iQ exrpoaiag aluminium oxide (alumina} dissolved or suspended in molten 
alkali chloride to l^e action of steam, subfitautially as described^ 

34. The process for producing^ deoomposings cooverting or transforming 
conipoiijads which consists in exposing same while dissolved or suspended in molten 
bath to the action of reagents or material introduced from a foreign sonrce and 15- 
particularly of gaseous or vaporous form and being capable of combining or 
reacting w|th suspended or dissolved matter or constituents of the baih or both 
producing new compounds or prodncts^ snbsfcantially as described. 

Dated this 10th day ol December 1&95« 

WHEAXLBJy & MACKEKZiE, 

Agents* 



iion^on : Fa-inted for Her Majesty^s Stationery Office* by Barlmg Son, Ltd,— 1896 



